There are few African studies on seasonal changes in the waterbird assemblages in river ecosystems. Tropical freshwater ecosystems are regarded as more stable habitats over the year than terrestrial ones. The same could be expected in regard to the bird fauna associated with such ecosystems. In order to test if waterbird asembalges followed the stable ecosystem paradigm a study was undertaken in the Okavango River, in the Mahango Game Reserve, north-eastern Namibia. Counts of all waterbirds were conducted in wet and dry seasons during [2001][2002][2003][2004][2005][2006]. In total, 88 waterbird species were recorded. In wet seasons the number was slightly lower (N = 75) than in dry seasons (N = 78) (chi-square test: χ 2 = 0.06; p > 0.05). The total number of individuals of all resident species recorded in wet seasons was unexpectedly much lower in wet (N = 9 979) than in dry seasons (N = 15 501) (chi-square test: χ 2 = 1 196; p < 0.01). In wet seasons, Collared Pratincole, Blacksmith Lapwing, African Openbill Stork and African Darter dominated (58.8%), while in the dry season: White-faced Duck, Spur-winged Goose, African Skimmer, African Reed Cormorant, African Darter and Squacco Heron contributed 60.8% to the overall abundance. Diversity indices were similar in both seasons.
INTRODUCTION
In comparison with terrestrial habitats, tropical freshwater ecosystems are regarded as more stable over the year, as one of the most important ecological factors, water, is not a limiting factor in this case. The same could be expected in regard to the bird fauna associated with such ecosystems, but waterbirds are known to be seasonally highly mobile under such conditions (Cumming et al., 2012) . Some are resident throughout the year, others are intra-African migrants or nomads; still others are African or Palearctic non-breeding visitors; and some are vagrants which appear only occasionally. There is not enough information, however, about waterbird communities in tropical ecosystems, especially in arid areas, to be able to detect any pattern of changes (Cumming et al., 2012) . Kelejta-Summers et al. (2001) studied year-to-year and seasonal changes in waterbird communities at the Cape Flats Sewage Treatment Works in Strandfontein near Cape Town. Swanepoel et al. (2009) studied year-to-year changes in waterbirds in an impoundment, the Theewaterskloof Dam in the Western Cape, South Africa. Mundava et al. (2013) investigated year-to-year and seasonal changes in the composition and abundance of waterbirds in two artificial lakes (Chivero and Manyame) near Harare, Zimbabwe. Cumming et al. (2013) studied seasonal changes in waterbirds in a natural lake and wetlands at Barberspan, South Africa. All of these standing and mostly artificial freshwater ecosystems constitute, however, quite different ecological settings in comparision with a large perennial river.
There are very limited studies from Africa on seasonal changes in the waterbird assemblages in riverine ecosystems. The water regime in rivers in the tropical and subtropical regions of Africa changes significantly over the years, influencing the nutrient content of water and consequently also bird fauna. In the wet season, a number of Palearctic and intra-African species are expected to occur in such habitats. It is therefore interesting to investigate their impact on the local waterbird fauna. Other possible drivers of waterbird seasonal variation can be the prevailing weather conditions (especially amount of rainfall) in the neighbouring regions, which may force some waterbirds to vacate their habitats during prolonged droughts and occupy the areas with perennial rivers. On the other hand, exccesive flooding may force the local resident birds to vacate their territories and look for rivers with lower water levels. Human activities may further contribute to the variation, for example, crop production (maize, wheat, groundnuts), fishing, water extraction for irrigation in the dry season, and influx of fertilizers and sewage to the river.
The aim of this study was to compare the species composition, diversity, abundance and dominance of waterbird species occurring in a subtropical river in wet and dry seasons. In addition to these, changes in main ecological guilds of waterbirds in these two seasons were investigated. This will help to identify possible drivers of waterbir species composition and their abundance. We predict higher diversity and abundance of waterbirds in dry season, as we consider the river as a refugium for waterbirds in the dry season, given the surrounding arid environment.
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The Mahango Game Reserve was established in 1988 and has an area of 245 km 2 . It consists of a vast floodplain and associated riparian forest. The reserve is stocked with diverse ungulate species. There are 200 hippopotami Hippopotamus amphibius, 300 elephants Loxodonta africana, 500 buffalos Syncerus caffer, and about 10 antelope species (Mendelsohn and El Obeid, 2004; own observ.) . The flood reaches heights of 3 to 4 m above the low water level in November. The mean annual rainfall in the study area is 550-600 mm, with approx. 80% falling between December and March (Mendelsohn and El Obeid, 2009 ). Annual rainfall varies substantially from year to year.
The river forms a meandering channel, 2-6 km wide, in the reserve. The riverbanks are covered with extensive marshlands comprising tall grasses (Poaceae), sedges (Juncidae), reeds Phragmites australis (in the form of reedbeds a few hundreds of meters in width) and papyrus Cyperus papyrus. The riparian forest is composed mainly of Garicinia, Sclerocarya, Diospyros, Vachellia/Senegalia, Grewia, Pterocarpus, Ricinodendron, Ziziphus, Baikiaea, Baphia, Phoenix and Adansonia. Bethune (1991) recorded over 869 vascular plant species from 88 families in the Okavango Valley. The river valley forms wetlands connected to the main channel with numerous small channels well vegetated with papyrus, rushes and sedges.
The annual flood cycle is the most prominent feature of the Okavango River (Mendelsohn and El Obeid, 2009 ). It influences the nutrient content in the water and subsequently all life in the river and the valley. The total volume of water passing in Mukwe ranges from appox. 5 607 × 10 6 m 3 to approx. 15 354 × 10 6 m 3 per annum El Obeid, 2003, 2004) . The highest river flow is from January to March, the lowest from September to October. In November the water level is at its lowest, and in April at its highest; on average there is a 3 or 4 times height difference between November and April but this can reach 6 m during extreme flooding events. The long-term average ) is 9 594 × 10 6 m 3 . Flows are much more stable in the dry than in the rainy season. There is also extensive flooding in the valley (Bethune, 1991; Cumming et al., 2012) .
METHODS
The main channel surveyed was 50-200 m in width and approx. 28 km long. The main river channel has sandbanks and numerous vegetated islands. All waterbird species were counted, except for passerines such as wagtails, Motacilla spp., and reed warblers, Acrocephalus spp. The following waterbird groups were distinguished: grebes (Podicipedidae), cormorants (Phalacrocoracidae), pelicans (Pelecanidae), herons and egrets (Ardeidae), storks (Ciconiidae), ibises and spoonbills (Threskiornithidae), hamerkops (Scopidae), ducks and geese (Anatidae), cranes (Gruidae), rails (Rallidae), waders (Charadriiformes), kingfishers (Alcedidae) and raptors in the family Accipitridae which are associated with wetlands (Circus spp., Pandion haliaetus, Haliaeatus vocifer).
The line transect method was applied for counting birds (Bibby et al., 1992) . Single counts were conducted in the dry season and wet season during the years [2001] [2002] [2003] [2004] [2005] [2006] . Counts were conducted during the whole day, i.e., between 8:00 and 9:00 and 15:00 and 16:00, usually under calm and cloudless weather.
The survey was carried out through the main river channel with a hover boat. The secondary small channels were also surveyed with the boat. All inundated places outside the main river channel were surveyed on foot. The same route was followed each year. Observations were aided with binoculars (10 × 50 and 8 × 30) . No luring by tape recording was done.
Counts were conducted by a team of 2 to 5 persons. All seen and heard birds were identified down to species level and counted. Birds were counted separately in each encountered group. All records were kept in notebooks, following the AWC guidelines (http://www.wetlands.org).
The following parameters were used to describe the waterbird assemblages: N -number of individuals recorded; %N -dominance expressed as the proportion (%)contributed by a given species to the total number of all individuals of all species recorded.
The seasonal difference between the total number of particular species in different years was tested with the Chisquare test. All species for which the expected value was lower than 5 were excluded. Seasonal differences in the number of particular species in each year over the period [2001] [2002] [2003] [2004] [2005] [2006] were tested with the Wilcoxon's matched-pairs signed rank test. This was used only when the number of matched pairs was at least 6 and the difference between the numbers was not zero. Regression analysis was applied to test the population trends over the years [2001] [2002] [2003] [2004] [2005] [2006] . This analysis was performed only for the more common species, the numbers for which were high enough to allow for application of the Wilcoxon's Test. For each species dominance was calculated separately for the wet and dry seasons. • where: n is the total number of individuals belonging to a given species, N is the total number of individuals of all species • Pielou's evenness index: J′ = (−∑ p i log p i )/log S • where p i is the proportion of individuals belonging to the i th species, S is the total number of species. J′ varies between 0 and 1. The less variation between species in a community, the higher J′ is.
• Community dominance index: DI = (n 1 + n 2 )/N • where n 1 , n 2 … are the number of individuals of the two most abundant species, N is the total number of individuals of all species. 
RESULTS
In total, 86 waterbird species were recorded in the Okavango River in Mahango Game Reserve from [2001] [2002] [2003] [2004] [2005] [2006] (Table 1A , Appendix). In the wet season the number was slightly lower (N = 75) than in the dry season (N = 78). This difference was, however, not statistically significant (χ 2 = 0.06; p > 0.05). The total number of individuals of all resident species recorded in wet seasons was unexpectedly much lower in wet (N = 9 979) than in dry seasons (N = 15 501) (chi-square test: χ 2 = 1 196; p < 0.01). The Soerensen's coefficient for the comparison between the wet and dry season was I = 0.84 (Table 1) .
In wet seasons the dominant species included Collared Pratincole, Blacksmith Lapwing, African Openbill Stork and African Darter. Together these species comprised 58.8% of all waterbirds recorded. In the dry season, the percentage contribution of dominant species was similar to that in the wet season (60.8%) and included 6 species: White-faced Duck, Spurwinged Goose, African Skimmer, African Reed Cormorant, African Darter and Squacco Heron. The African Darter was, therefore, the only dominant species in both the dry and the wet season.
The group of subdominants was composed of 7 species (African Reed Cormorant, Cattle Egret, Black Egret, Squacco Heron, Cattle Egret, Water Thick-knee, African Jacana) in the wet season, and 8 species (Black Heron, Little Egret, African Openbill Stork, Sacred Ibis, African Jacana, Collared Pratincole, Blacksmith Lapwing, and Pied Kingfisher) in the dry season. Across all wet seasons the subdominant species comprised 22.2%, and 24.3% across all dry seasons.
Over the period 2001-2006, differences in the number of individuals recorded in the wet and dry season were statistically significant for the following species: Goliath Heron, Great Egret, Little Egret, Green-backed Heron, Rufousbellied Heron, White-faced Duck, Water Thick-knee, Longtoed Lapwing, Blacksmith Lapwing, African Fish Eagle, Pied Kingfisher and Malachite Kingfisher. However, if the total numbers of individuals for all the years are considered, then differences between wet and dry season were statistically significant for most species.
Most waterbirds were more numerous in dry than in wet seasons. Only 15 species were more numerous in the wet than in the dry season. Similar population trends in wet and dry seasons over the years [2001] [2002] [2003] [2004] [2005] [2006] were recorded for 13 species, mostly for ardeids (Table A1 , Appendix). For 5 species, the trend was declining in one season, and increasing in the other season. For 6 species, the population trend was stable in one season, while declining or increasing in the other season (Table  A1 , Appendix).
In the wet season, 12 Palearctic species comprised 8.8% of all birds recorded, while in the dry season 8 Palearctic species comprised only 0.6% (Table A1 , Appendix 1). In both the wet and dry seasons there were 4 intra-African species, but in terms of the number of individuals these species were twice as numerous in the wet season than in dry season. Partial migrants were also more numerous in the wet (22.3%) than dry season (15.7%) (Fig. 1) .
Birds foraging in shallow water were more numerous in the wet than dry season, while birds foraging in deep water were more numerous in the dry than in the wet season (Fig. 2) . Insectivorous birds were more numerous in the wet than in the dry season, while piscivorous and plant-eating birds were more numerous in the dry than in the wet season (Fig. 3) . Aerial feeders were more numerous in the wet than in the dry season. Birds nesting on the ground were much more numerous in the wet than in the dry season, while the reverse was recorded for birds nesting in emergent vegetation (Fig. 4) .
The Simpson's and Shannon's Diversity Index as well as Pielou's Evenness Index were very similar in both seasons (Table 1) .
DISCUSSION
The only other published studies, to our knowledge, on seasonal variations in waterbird assemblages in riverine ecosystems in sub-Saharan Africa to date are those of Kopij 
262
(2012, 2013abc) from Lesotho. In total, 7 413 resident pairs and only 74 individuals (about 1.0% of the avian fauna) of 4 Palearctic species were recorded in that study. This study in the Okavango River recorded much higher numbers, of both species and individuals. In two artificial lakes in Zimbabwe, wildfowl (Anseriformes) and waders (Charadriformes) were more common in the dry than wet season, while wading birds (Ciconiiformes) and cormorants (Phalacrocoracidae) remained at a similar level of abundance throughout the year. In general, in the dry season, waterbirds were more common than in the wet season, as in the wet season they disperse to other small water bodies, while in the dry season they congregate in large dams with perenniel water (Mundava et al., 2012) . In artificial impoundments in the Western Cape, South Africa (KelejtaSummers et al., 2001 , Swanepoel et al., 2009 , waterbirds were more common in summer than in winter, but in this region winter is the wet season, while summer is dry.
Several studies have dealt with seasonal variation in a few terrestrial habitats within the savannah and grassland biomes (Kopij, 2001a (Kopij, , b, 2013a (Kopij, , 2014 (Kopij, , 2015 Parker, 2014) . In these terrestrial habitats, the proportion of Palearctic birds was much lower than that recorded in the Okavango River valley. The Sorensen's coefficient for a comparison between dry and wet seasons varied widely in these habitats, from 0.32 to 0.88.
During the wet season species such as Reed Cormorant, African Darter, Grey Heron, Great Egret, Black Egret, Yellowbilled Egret, Little Egret, Cattle Egret, Squacco Heron, Greenbacked Heron, Yellow-billed Stork, Sacred Ibis, and African Spoonbill regularly breed in colonies in the Okavango River. However, during the years 2001−2006, such communal breeding sites were not recorded in the Mahango Game Reserve. Most likely these species nested further downstream in the Okavango Delta. As a result of post-breeding dispersal some individuals reach the Mahango Game Reserve (pers. obs.) Hence the number of individuals of those species in the dry season is almost 3 times higher than in the wet season (altogether 1 807 birds in the wet and 5 327 birds in the dry season). Similarly, White-faced Duck and Spur-winged Goose breed outside the Mahango Game Reserve in the wet season and after this some of them disperse to this reserve. Their numbers are therefore much higher in the dry than in the wet season. Rallids, lapwings and ardeids breed in the wet season in the Mahango Game Reserve, while in the dry season most disperse or migrate to other places (pers. obs.). Hence their numbers are an order of magnitude lower in the dry than in the wet season (altogether 466 in wet seasons, as compared to 4 600 in dry seasons).
The Black Crake and African Jacana had stable numbers in the wet season, but in the dry season they showed an increase over the years [2001] [2002] [2003] [2004] [2005] [2006] . Similarly the Goliath Heron and African Openbill Stork showed a decline over the years in the wet season, but an increase in the dry season. Most likely breeding populations of these species were in decline in Mahango Game Reserve, while in the Okavango Delta they could have been in increase in the same period. 
Seasonal differences in the proportions (in percentage of individuals) of main diet guilds of waterbirds in Okavango River in Mahango Game Reserve. F -frugivorous, V -vegetarian, I -insectivorous, Pcarnivorous, VI -vegetarian and insectivorous, PI -carnivorous and insectivorous.

Figure 4 Seasonal differences in the proportions (in percentage of individuals) of main nesting guilds of waterbirds in Okavango River in Mahango Game Reserve. NB -near the bank, W -on water surface, G -on the ground; Vin herbaceous vegetation; T -in trees or shrubs; H -in tree holes
Figure 2 Seasonal differences in the proportions (in percentage of individuals) of main foraging guilds of waterbirds in Okavango River in Mahango Game
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The proportion of Palearctic migrants to all other birds was an order of magnitude higher in the wet than in the dry season. The ratio of the proportion of Palearctic migrants in the wet season to dry season was 0.82: 0.18 (N = 1 058). This relatively high proportion of Palearctic migrants in the austral summer in southern Africa was unexpected. It appears that out of 12 Palearctic waterbird species, 8 remained in their wintering area for the whole year. The results suggest that Common Greenshank remains more regularly in its overwintering grounds for the whole year than any other Palearctic wader species. These figures (Table A1, Appendix) indicate that some individuals, probably the first-year juveniles, do not return to their breeding areas at the end of the wintering season, but remain at their wintering ground for another year, a common feature of long-distance Palearctic migrants (Newton, 2008) .
Interestingly, no Palearctic anseriforms were recorded wintering in the study area. Very few were recorded in other places in Namibia (Kolberg, 2012a,b) and elsewhere in southern Africa (Simmons and Allan, 2002; Anderson et al., 2003; Hockey et al., 2005; Kopij, 2013ab) . They probably overwinter in southern Africa only occasionally as vagrants, as their main wintering grounds are in west and central Africa.
The Mahango Game Reserve plays an important role in protection of threatened species: it supports 31 waterbird species listed in the Namibian Red Data Book (Simmons et al., 2015) . Three of these are globally threatened (Wattled Crane: Vulnerable, Slaty Egret: Vulnerable, African Skimmer: Near Threatened). The reserve also supports 3 mammal, 1 amphibian and 2 fish species listed in the Southern African Red Data Book. The river acts as a linear oasis for a number of bird and mammal species, which would otherwise not have been present in the Kalahari Woodland. It is a wintering area for 11 Palearctic migrants, 4 intra-African migrants and a number of nomadic or semi-nomadic species. This study has shown that the Mahango Game Reserve meets one of the Ramsar criteria: it support more than 1% of the global population of 2 globally threatened species: the African Skimmer (2.4-4.8%) and the Slaty Egret (1%). 
